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K-BAND ECHO LIKE

It hae bdesn euggested ‘rom nany sourcee that an easy test of radar
perforpance would consist of introducing a sacnle of the radsr pulse into
a very long transmission line of known attenuation and observing the anm-
plitude of the mulee, delaysd and attenuated by this line, with the radar
receiver

This sort of a testing device hae been dubbed an "echo line". Echo
lines have not bemn soployed outsids of the laboratory, but have imvmortant
potentialities for future nroduction applicatien

In the current thinking, on echo line 1s counled to a radar by meane
of a directional counler and an R? gwitch. The switch permite the dsvice
to be turned off when not in uss. The scho line has a round-trin length
greater then that of the radar pulse, and ie provided with a short at the
far end. On the input end a mis-match ie nrovided to reflect the pules for
another circuit of the echo line each time ths pulse returns
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Figure 1. A Diagram of an RF Echo Lins Attachsd to a Radar

In use, a fraction of the radar pulas enters the echo lins via the
dirsctional coupler when the ewitch vermits. A large mortion of thie energy
ie reflected by the reactance, however a mortion enters ths echo lins proper
This vulss travele to the short circuit and is reflscted back toward the
input end, At the reactancs a major portion of the pulse 1s reflected dack
toward the short again, dut a fractinn of the energy enters the radar via
the dirsctional coupler and aprears am a nulss,

The pules continues to reflect back and forth in the lins, on sach trip
producing & pulee in the radar. Each vulse of this series 1 weaker than ths
preceding bscuues of the attenuation of the echo line. Finally the pulses
bscome so wsak that the radar raceiver cannot detsct them, By counting the
number of pulses visible and estimating the strength of the last nulee one
nay Xnow whether the radsr nerformance 1s satisfactory It has been suggested
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k and the reflecting reactance
One would then read

he swl
f the nth nulee

that an attenustor be placed hYetween
to allov one %0 adjust tha ammlitude
the performance from the attenruator

Hotee on the choice of the reflsction coefficient of the iries are pre-

sented in Appendix A

It 1s plain that the major problem liee in the construction of the echo
1line itsel? lesuming the groun velocity of the vnulse to be c, an echo line
must have a length of a considerably greater than 164 yards ver microsecond
The line rust aleo be of small bulk and of low attenua-
therefore the davice seems

radar pulse length,
tion. Trese are difficult conditiona to meet,

practical -only when the nulse length is very short,

In order to reduce the bulk of an echo line subetances of high dlelectric
constant have been considered. The attenuation of these materiels, having
dielectric constante of from 200 to eeveral thousand is unfortunately too
high at npresent to mermit their uee at K-bend, and in addition their dielectric
vropertiee are prone to be very temperature sensitive, Such a dielectric
f1l1led 1ine was built, but it wee not tested

The bulk of an echo line will be too great unless coax or srall wave-
The value of

guide can be used and unless the vulse length is very short.
an echo line aeeme likely to be greatest at K-band, vhare adequate echo
boxes are excessively difficult to make nnd where emall waveguide and short

nulses are ueed
Several echo linee have been conetructed and operated, bv Jane and

William Fairbank and by Virgil Counter. These were made of X-band wave-
They served to demonstrate

guide used at K-band and X-band respectively
Theee were not corpact, being com-

that an echo line operater as expected
posed of long straight eections of line and few bends, and they were not of

ideal dimensions.

Dr. Alfredo BaMos designed an echo line theoretically euitable for

K-band use. Thie line conelsts of a rectangular waveguide opsrated in the
TEQ] mode. The waveguide 1s of such dimensions that the mode but not
the TEy3 mode may be nrovagated. By avolding H-plane bends he hoped that
other modee would not be excited, The internal dimsnsions and nroperties
of thie line as calculated are:

[724 x 883, (E vector parallels longer dimension)

Ac = 4,48 cm, Ti°1 mode
attenuation: 16 db/microsecomd

teoperature sensitivity of attenuation:
-12/10° P, normalized at 70° F

The febrication of such a line for Project Cindy wae desired but for

soze time no feasibla means of construction was conceived. A line 150 feet I
in lenzth was needed, which implies that the wall thickness could not be
great 1f the weight was to be kept snmll. Thin walled tubing of the desired
form was drewn but it was found that it could not be bent successfully. It

was hoped thut a concern could be found which would sttermpt to extrude a coiled
974-2




tudbing, however this could n be done ther means ¢ idered wsre “"slsctro
forming” on wax cores, chermical dspcsition followsd by electroplating inside
of nlastic tubing, and the anremdly of stumned sections Various obJections
nade sach of these nrocssses sesn impractica

A coiled line was “inally vrepared by hydraulically expanding round
tubing into a mold. The forming of the line 1s treated by Mr. Flavin in
Apnendix B

Two sectiona of coiled scho line were given attenuation tests as den-
cribed in Apnendix C, snd the attenuation was found to de gdout .023 4d per
foot at K-band. This attenuation should parmit succeseful use of these
sectione as an acho line. Succensive vina ghould differ by 8.7 db for a
150 foot lensth of line, not including losn at the irie See Anpendix A

1t seere that transmission line of this low attenuation should find
general application ir radar design me well ag this snecialized ure It
should de noted that the attenuation i« ns low as that of 7/8" coexlal
lins at S-band

Jemes M, Wolf
Decsmber 71, 1945




Choice of the Beflection Coefficient of the lrig

Given es an odject the preeentetion of a
unen the ecree:

aximum number of echo pips
from an echo line, the following derivation leads to a

choice of *he nroper reflection coefficient for the reactive irie pleced in
the echo line

At the iris there 1s a voltage reflection factor of a,
therefore the reflected nower 1e provortional to a

The power transmitted must be vroportional to (1 - c?) by convervation
of energy

After the energvy hes entered the line, on each reflection from the
iris there 1e a lose in level at each reflection from the iris tecauss
of snergv which leaves the line.

Taking these into account we may write en expression for the power of
each pip reaching the receiver from the echo line as;

n P epcfat- oF-2 ,2(r-1

when

P =

¢ = powver of the Nth pip reaching receiver

N = seriai nuamder of ths pip, "main bang” = No. 1 pip
: P, = nulee rowsr of the "main bang"

C = coupling of the directional couvler, expresssd as
O A power ratio of less than one

a =

absolute magnitude of the voltage reflection
coefficlent of the iris

one-way at'enuation of the scho line, as & vower
ratio of less than one.

We may maximize the strength of the Kth piv, givsn ths values of
P!, C, and A as constants

2
L A +4 o® (1-0?)"'2]
(1'0-2)“-31

3) 0= -(N-2) o? 42 (l-a?)

4) n-—ﬁ

The moet direct amvroach to the remalnder of the mrodlem is to cal-
culats the strength of esch of the nips in the region in which the last

Pip may be expected to fall, and for each calculation uee that value of
a givsn dy equation 4.

That valus of a should be employed which is associated
with the last pip found to have a nower greater than the minimum diecsrnible
signal of the radar,
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flect affi
clent a must be fixed in value, not an adjustrent zuest not excite
higher mndes in the guide, which probably ismlies that it should be a
ouite symrmetrical device, It should not be nlaced in the srall size
tranazmission line; before tranaformation into the echo line. The design
of this reactance ia not expected to be difficult,




Ex%:na=zr,'°rma'azn_et
Radiation Laboratory !
This raport has been framed with th

1 To describs driefly aud generally the stepe anéd treatments used
to form successfully the firs® echo line material

To dlecuss sore of the featuree of the &rawing operation

To advies of noesible future imnrovements in the procese which
the lack of tine and materiale did not allow us to investigate

Method of Hydrgulicglly Draving "Echo_Lines®
Moteripls Used
1. A cast iron mould of two plecas (as shown in Figure 2)
2 Annealled cooper tubing in a coll approximately 4° in diameter

of 75' length, .?750' 0.D. (circular croes-eection) snd .027"
+.003 wall thicknees

A hand-operated, piston-type nump capable of delivering 10,000
1bs/in 2 vreesurs with gauges for pressure cetermination and
volume meassuring meens, reading volurcees pumped to 10 cc incre-
ments

Some of the more imnortant miscsllansoue operaing equipment
and fittinge are

a. End-plug of braes .690" 0.D, (round) and 13" long

b. Inlet fitiing and two flare eupmorts. See Figure 3.
A metnl-flow lubricant of beeewax londed, amproximately
to 40% by volume, with gravhite and dlluted with 40% of
carbon tetrachloride, Thie mix‘ure i1e a thin paete wvhich
can be painted in place with a brueh and which dries to
e heavy bodied film for high-preesure lubrication
A one ton chain hoist

Apnroxirately 3' lengthe of 4" or 5" deep steel l-beam etock

Jacking equinment to onen mould when coil has been
formed in 1t

#. Acetylens torch equipment

Erocedure

Coat the bottom surface (that eurface at the 16" dlameter eide of
moulding recese) with the graphite and wax lubricast, being careful mot to

974-6
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get 1 t ! : mounts on J e-wall surfaces ¢
moulding recesa. Mount the thrended salmeve of ¢ 11d directly over the
outer sleeve, bv sismending 1t from a chaln fall both with their axes
vertical and with outer sleeve standing on its er Silver-soider (for 1"
to 1-1/4" depth of real) a nlug .69" in diameter and 13" long in one end of
the conver tubing Start this nlugped end of coil in the mould thread
beginning the coiling with the nlup apmainst the steel strap stoos of the
nould. Place » flare suoport around the plugred end. Wind the copper tube
into the thread with an effort to oush the coll into the mould and thus get
an 18" outnlde dlemeter., By dronving the threaded sleeve of rould into the
outer sleeve, a® each turn is wound into the thread, the coll may te con-
trolled Whea the colling has reached the 2" wida slot at the top of the
mould, cut off the cooner coil flush with the side of the slot. Silver
solder the inlet fitting to the comver tube, bending tude back out of mould
during, soldering. Put a flare eunport over the inlet fittine and bend the
tudbing asnin into mould thread, plscing the 2" dlock in the recess at the
mould top milled to receive 1it,

When the inlet block has been nroperly seeted in the 2" slot the mould
can be complately closed with coll in nosition. Fill coil with water mnd
connect the inlet block with /8" pive to the pumn, Pump water into the coil
until 400 1bs/in® pressure 1s indicated on the pressure gauge. Absorption
of slight quanti®ies of traovned alr will let the pressure drop in 1/4 to 3
hour. Renew nreasure at the 400 lba/in2 level until 1t will remain without

lose for 4 hour. ¥xamine mould for leaks of fittinga and coll through this
period

When €£171ing the coil with water measure the volume of water as it is
placed in the coll. Use this inserted volume as a dnse for calculation and
pump a corputed 356 of thie volume into the filled coll. The copoer should

begin to draw at around 1000 lba/ine As water is punmped, the pressure will
rise to 2000 to 2200 when the 35% i fully mumped irtn coil. Disconnect

.he rumps from coll and raise the threaded-mould sleeve bearing the vartlally-
drawn coll with the chain hoist

This nartially drawn coil is to be removed from mould and annealed
To remove the coll from mould, “irst withiraw a small amount of water from
the coll and head the inlet block with a torch to uncolder it from the coll
¥hen the block has been removed, force lubricating oil bvetween the coll and
the mould. Serew the coll upward and off the threaded sleeve. Remove the
renalning water from coil; unmolder bottom plug (.690" diameter) from coil
snd anneal coll in a non-oxidizing ntmosvhere.

Pe-solder the nlugz back to the annealed coil and screw the coll back
over the threaded slaeve, GCive the cutside esurface o* the coll, thLe surface
in view when the coll im in nosition on the sleeve, a thin coating of the
granhite lubricant, Re-solder the inlet »lug on the entrance to the coll.

Fill the coll with water and teat fittings and soldering with 400 1bs/1né
as in the first run,

When pressure stability indicates all eir has been abeorbed2 nump water
into the co{l It will again start to draw at about 1000 1lbs/in At
2000 1bs/in® pressure will rise more rapidly and pusning should be carried
on to a gauge reading of about 4 lbl/ln2 In the first try the soldered
fittings ruptured at 4000 1bs/in® bdut sufficlent drawing had been obtained.
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fr eded meuld-sl
holes 1n tre coil ecdjscent to inlet dloe
inlet block free cf the coil

and sfte
coil and threaded slesve, unscrew the c

. tne of

With a cold-chisel, cut the

‘orcingz ludbricating 01l tetween
11 from the rould

Trim both end € the coli with a hec

3 from coil with kerosene ard wine dry

ssv, was!h

the graphite lubricant

Figure 4 gives the pressure required to draw the echo line
uprer vortion of the f
coll which drew et lo

In the
ure data on two first drawings are presented.

The
r preasure hrd been annealed, the other hed not
3oth coile, 1t may be noted, ruvtured after 2100 cc hed been injected

The calculated volume 0f the tubing before drawing wne 5610 cc, therefore

rupture occurred nt 1237% base volume. One of the colls, the one not
ennealed, s renalred after rurture gnd drewing wes continued
ured rgain as indicated

promntly r

The coll

In the lower vortion of the flgure data are presented on the secord
drewing

Discussgion of Process Licitations and Technioue Detally

The graphite lubrication advice #iven under "orocedure” has as a nur-
pose remedying localired drawing affects The sicde walle of the thread,
beins sevarated by the scmalleeat Aimension, start to sunmort the drawn metal
first The coila flatten out on these

ice walls firet. The ineide end
outside (16" and 18" diameter) facem of the coil, heving curvature
to resist being drawn so the flat rldes

sesm
¢ tube drawv almost sxclusively
Having granhite lubrication on the inslde e utside (16" and 18" diameter)
facee only, will cause the metal %o cling to the
seats it flutly there ani allows the

side walls, as pressure

curved inne: and outer faces to ccn

tribute their share of the drswing

The 356 volume
coll was ~atablished

nerement oessed on the water-filled vclume of the

as A "low limit" the tuding. Several e neriments
indicetes that thoroughly annealed tudbing could not be given a volumetric
stretch of over 40% of sterting internal water-volume dase,
metel 1s worked-hardennd to a rupture mnoint

At 40% the

Annealing rensws thie 400

drawing range or nearly so In our atternts no drawing of coprer beyond
atarting wate- voiume was accormlighed. Mence, the recommended 256
volume 1limit of the first drawing of the coil

When the szcond drawing of coil (the 4000 1be/in 2 draw) 1s nade the
mould ie oquite “irmly frozen un, The coll is so firmly pressed against
the aleeve that A combination of & 5" I-beem and a hydraulic jack wers
required to draw the inner threaded sleeve and coil out of the outer-
mould sleeve

The smoothnees of the outer sleeve end ludricants used do
not pive riss to tearing of the copner coil by the use of such vowerful
eguipment Yhen the c21l and inner threaded sleeve of the mould are
removeld, the relrase of nresasure resulting frees the copoer coil immediate-
ly. The “orcing of ludricntines oil between coil and threaded mould clseve

make 1t mossidble to screw the coil from the threaded recess it is formed
in without c¢istorting 1t from thes drawa shave,

974-20
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wit 1
R

Ir er to nv 4
bet n the stens, a larger sectional ter
we 1 heln [f a large enoug! ter, such thet the 3f
increcent on base water volume ul ted ronunletely formed
c¢oil, a one-step nrocess of drawing would r 1t This step 1
te ng, but from experience to date with t hendling 1s
in ¢t ould, 1t oay be delicatc 1n overation The difficultie
1icountsred in vlacing the coil in the mould thread increassd
tranendously as the coll soprroacheld the nire the thread recess,
o s from previour drawing. The sectional f )¢ the tublog de-
forms and the dimension o the £ e the ar f the
ould increased as the coll is nround t the
coll once begine to btind againet iden of th the
mould, as 1t 1e wound around the mo ., a vary dell situation
arises. No pmount of maninulati he out wi urge the
coil esafely into the mould three Tha coll ten 1lapse
and form two “wrinkles" or "ben ¢ the outslde the groove
An these "beads” are outslde ¢ 18" diemeter *he mould sleeve
.\‘ "b' A ent ) +*

a 3/4" round-tube section and & thread recess of 3/4" vy
nced 1n urging the

at ticee

considerable d1€ficulty was
coll deep enough to enable the outer sleeve
tion and not cut a wmortion of the overlapping coil

xXnerie

te

e nut 1in vosi.
A further

difficulty &n trying to increase the starting tubing elze abovs
3/4" 0.D. comes in the escentlal 75' length. The New England
tuberedrawing fecllitles do not snable then to extrude

firm »

a tubs of over 3/4" dlameter 1n & length of 75

Additional

diameter of tubing could only bde obtained by sacrifictng coll
7 2011 exclusive-

leogth., For our test 1t wae decildsd tno use the 75
Use of the mould 1ndicates that lengths of 150

ly

successfully formed, with redesign of mould

could bYe
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